(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
11 May 2006 (11.05.2006) 




PCT 



(10) International Publication Number 

WO 2006/049483 Al 



(51) International Patent Classification 



B63B 35/68 



(21) International Application Number: 

PCT/NL2004/000769 

(22) International Filing Date: 

3 November 2004 (03.11.2004) 



(25) Filing Language: 

(26) Publication Language: 



Dutch 
English 



(71) Applicant (for all designated States except US)i NO- 
VATUG HOLDING B.V. [NL/NL]; Eendrachtsweg 57, 
NL-3012 LE Rotterdam (NL). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): VAN DER LAAN, 
Markus [NL/NL]; J. Evertsenlaan 18, NL-2341 SV Oegst- 
geest (NL). 

(74) Agent: VAN WESTENBRUGGE, Andries; Nederland 
sch Octrooibureau, Scheveningseweg 82, P.O. Box 29720, 
NL-2502 LS The Hague (NL). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NT, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LU, MC, NL, PL, PT, RO, SE, 
SI, SK, TR), OAPI (BF, B J, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: TUGBOAT WITH TOWING GEAR THAT CAN TURN THROUGH 360 DEGREES 




00 

OS 

(57) Abstract: The invention relates to the design for a tug provided with towing gear that can turn through 360 degrees in the 
horizontal plane, where the ratio of both the hull length L of the tug and the lateral distance W between the two propulsion units 
have values with respect to the diameter D of the carousel towing gear such that it is possible to manoeuvre the tug very accurately 
and to make it turn quickly and in a controlled manner at relatively high towing speeds, with adequate stability. 
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TUGBOAT WITH TOWING GEAR THAT CAN TURN THROUGH 36 0 DEGREES 

The irivention relates to a tug having an elongated hull of length (L) and two 
5 propulsion units located perpendiculaiiy with respect to the longitudinal axis some distance 
apart, wherein there is towing gear that can turn through 360° in the horizontal plane on the 
hull, the point of engagement of said towing gear describing a circle with a diameter D. 

Ships in ports and sailing regions where there are limitations are usually assisted by 
one or more tugs with powerful propulsion units. la order to achieve a high pulling force, 
10 the tugs are provided as standard with one or more large diameter propellers and with so- 
called propeller nozzles around the propeller. 

Modem tug designs are characterised by two or more rotary propulsion units under 
the hull, the propulsion units being installed at either the stem or the bow of the tug and the 
towing gear being installed at the opposite end. When towing, the hull of the tug is tumed 
15 mainly in the direction of the towing line and manoeuvred into the desired position, by 
means of the rotary propulsion units. It is true that these rotary propulsion units provide 
good manoeuvring characteristics, but this goes hand in hand with high purchasing and 
maintenance costs, a lower propulsion output and, as a result of the complexity, reduced 
reliability. 

20 A new development relates to tug designs provided with towing gear that can turn 

through 360 degrees in the horizontal plane. These are designs where a fixed ring is fixed 
on the deck and a turning ring is able to rotate around it. The towing line is attached to this 
ring by means of a tow hook, towing winch or the like. Characteristic features of this 
towing gear are, on the one hand, the complete 360 degrees all round fireedom of towing 

25 and, on the other hand, the shift in the point of appHcation of the towing force from the 
middle of the tug to the side of the hull. As a result the towing force torque multiphed by 
lever arm (the so-called heeling moment) decreases, as a result of which the tug will be less 
prone to capsizing. One example of this is disclosed in WO 0130650. 

However, it is found in practice that for tugs with towing gear that can turn through 

30 360 degrees conventional hull shapes and propulsion units do not provide the desired 

manoeuvrability and stability that is needed in order to be able to manoeuvre quickly and 
accurately in a restricted channel and that make it possible to make the hull turn in a 
controlled maimer from forwards, to sideways, to backwards and vice versa at high towing 
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speeds. 

A first proposal to solve this problem is a disc-shaped tug as described in. DE 881 312 
C, It relates to a disc-shaped tug provided with a circular section with a small carriage 
therein that turns in the section by means of rollers. The towing line is connected to this 
5 small carriage by means of a tow hook. This design has a carousel towing gear with two 
propulsion xmits. This tug does not have a pronounced longitudinal axis but is disc-shaped 
with an equal length and breadth. As a result the design can sail only at low speed and 
because of the high resistance has a high fuel consumption. In addition, the large width of 
the hull also gives rise to severe limitations in narrow channels. 

10 The aim of the present invention is to provide an installation that eliminates the 

abovementioned disadvantages. That is to say a tug design with towing gear that can turn 
through 360 degrees, by means of which rapid and accurate manoeuvring and high dynamic 
forces in combination with adequate stability are achieved and where the hull can be turned 
round in a controlled manner even at relatively high towing speeds. 

15 This aim is realised in a tug as described above, where in 

W/D>0.5 

L/D>1.5andL/D<3,2 

The following characterising parameters are defined for the design: 

Hull length (L): standard definition of length between perpendiculars for ships (Load 

20 Lines as used in maritime legislation in metres. This is the length between, at the bow, the 
perpendicular through the intersection with the waterline and, at the stem, the 
perpendicular through the rudder post or steering gear. Here the parameter L is 
characteristic for the hydrodynamic interplay of forces when the hull is towed laterally 
through the water (larger L means larger surface area and higher force) and characteristic 

25 for the manoeuvrability of the hull (larger L means poorer manoeuvrability). 

Lateral distance between the propellers (W): the lateral horizontal distance between 
the two propellers, measured perpendicularly to the longitudinal axis in metres. Here the 
parameter (W) is characteristic for the of the steering torque between the two propellers 
and the available manoeuvrability of the hull. 

30 Diameter of the carousel towing gear (D) = 2 x R: here R is the horizontal distance 

between the axis of rotation of the towing gear and the point of application of the towing 
line force in metres. Here the parameter (D) is characteristic of the stability behaviour of 
the tug (larger D means smaller heeling moment and greater stability). 
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Research has shown that if ratios between L and D are chosen well advantageous 
hydrodynamic forces are obtained as well as good manoeuvrability of the hull. Likewise, 
with good ratios between W and D good manoeuvring characteristics are obtained as well 
as good stability against pulling over. As a result it is possible to tirm the hull roimd in a 
5 controlled manner even at relatively high towing speeds. In practice this will correspond to 
assistance speeds of about 6-8 knots. 

By this means it is possible to manoeuvre the tug very accurately and quickly and to 
make it turn in a controlled manner at relatively high towing speeds, with adequate 
stability. 

10 Ih particular it is found that very good results are obtained with liie following ratios 

between the parameters D, L and W. 

L/D>2andL/D<2.8 
W/D>0.6 

The above is based on conventional propulsion capacities. 

15 By installing higher propulsion capacities it becomes possible with these larger ratios 

to manoeuvre in a controlled maimer at even higher speeds. 

According to a further advantageous embodiment the propulsion units comprise 
propellers driven by means of conventional fixed propeller shafts. With this arrangement 
the motors of the propulsion units are installed at approximately halfway along the length 

20 and drive the propellers beneath the stem by means of the propeller shafts. The propeller 
shafts extend parallel to the longitudinal axis of the tug, possibly with a slight downward 
angle of inclination (less than 10 degrees). This arirangement combines low investment and 
maintenance costs with a high propulsion output and, as a result of the shnplicity of tlie 
installation, high reliability. 

25 According to a further advantageous embodiment the propellers are provided with 

large rudders to increase the steering forces (steering moment) further. A particular 
embodiment of this relates to a so-called flap rudder; here the rear part of the rudder is 
provided over the entire height with a flap that can be turned separately. When the rudder is 
turned this flap assumes a larger mdder angle. As a result of this configuration larger lift 

30 coefficients are achieved, as a result of which the tug steers/turns more rapidly. 

According to a further advantageous embodiment the propellers are installed in 
rotatable propeller nozzles, possibly provided with an additionally installed flap mdder. 
Rotatable propeller nozzles are provided with a vertical shaft and turn about the centre of 
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the propeller. These are very efifective for directing tibie full flow of the propeller (since the 
propeller nozzle encloses the entire propeller) and also offer the possibility of being able to 
direct the flow when under reverse thrust as well; this is in contrast to a rudder (positioned 
behind the propeller) that has an effect only in the case of forward thrust. 
5 According to a further advantageous embodiment the tug is provided with higher 

tlirust by using larger engines and propellers. Current tugs with propeller drives and lengths 
of the order of 24 - 28 metres have a thrust of the order of 30 - 50 x 10^ kgf (measured at 
pulling force at zero speed on a fixed bollard, the so-called bollard pull value), roughly 
1-1.5 times the length of the tug. By increasing this to values of 60 - 80 toime or higher, 

10 roughly 2-3 times the length of the tug, not only does the towing force increase but also, 
according to the proposed configuration, the possibility of manoeuvring safely and 
accurately at speeds above 8 knots. 

According to a further advantageous embodiment the tug is provided with so-called 
controllable pitch propellers, where the propeller blades are able to turn relative to the 

15 propeller hub (pitch) and are able continuously to control the thrust from forward to 

reverse. As a result it is possible to manoeuvre even more rapidly, accurately and safely. 

According to a further advantageous embodiment the propulsion units are positioned 
in the fore 25 % of the length or afl 25 % of the length so as in this way to achieve as high 
as possible a steering moment with respect to the centre of gravity close to 50 % of the 

20 length. 

According to a further advantageous embodiment the hull shape above water is 
provided with adequate watertight buoyancy to prevent water welling up onto deck and the 
hull being pulled below water when turning round at relatively high towing speeds. This 
can be achieved by making the hull shape above water wider and raising the deck. As a 

25 result of the stabilising effect of the carousel towing gear, this raising of the point of 

application of the towing force does not give rise to any problem, in contrast to ordinary 
towing gears. Model trials have shown that if the watertight volume above the waterline is 
more than 60 % of the watertight volume below the waterline, the hull has sufficient 
buoyancy to prevent it being pulled underwater by the dynamic pulling forces at relatively 

30 high towing speeds. Values of 80 % and more also give good results. In order to achieve 
this aim in an optimum manner this buoyancy must as far as possible be evenly distributed 
over both the fore part and the stem part to prevent the part with lower buoyancy still being 
pulled underwater at high sideways speeds. A higher deck in the fore part also offers the 
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option of installing the crew's quarters below the higher deck above the waterline in 
accordance with the requirements of maritime legislation. In practice this means that the 
deck is at least 2.30 m above the waterline at the location of the quarters. 

According to a further advantageous embodiment the width of the hull above the 
5 waterline increases appreciably in the mid section of the boat. What is achieved by this 
means is that below the waterline the resistance along the ship decreases and above water 
the extent of the stability and buoyancy increases. Moreover, the greater width above water 
also offers protection to the propellers when mooring at quays. These advantages are 
already achieved with a 10 % greater width at the location of the deck compared with the 

10 waterline, measured in cross-section between 40 % and 60 % of the length L. In addition, 
this shape also has good flow characteristics at high sideways speeds because the shape 
guides the water underneath the hull. 

According to a further advantageous embodiment, a small auxiliary thruster is 
installed in the fore part so as to be able to manoeuvre accurately at low speeds and in 

15 reverse at high speeds. 

According to a further advantageous embodiment the length of the tug is chosen to be 
just less tlian 24 m in length, since this is an international legislation limit to which specific 
requirements are related. The choice just below this length yields appreciable advantages in 
relation to btdlding and operational costs. Advantageous length values will be between 21 

20 and 24 m. Use of the L / D and W / D ratios yields a tug design with the following 

dimensions: L = 23.95 m, D = 9.30 m and W = 7.00 m. (L / D ratio = 2.58 and W / D ratio 
= 0.75). 

According to a fiirther advantageous embodiment the hull is provided with one or 
more skegs beneath the hull so as to make the hydrodynamic resistance and forces increase. 
25 A good solution is achieved by using these in the mid section, as a result of which the 
resistance does increase but the manoeuvrability is impeded to a minimum extent. 

The invention will be explained in more detail below with reference to the illustrative 
embodiments shown in the drawings. 

Figures la and lb show, diagrammatically, a side view and plan view of a 
30 conventional tug. 

Figures 2a to 2d shows (sic), diagrammatically, a side, plan, front and rear view, 
respectively, of the tug according to the invention. 

Figure 3 shows, diagrammatically, the interplay of forces of the carousel towing gear 
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at 0 degree heeling angle in Fig. 3 a and at 1 5 degree heeling angle in Fig. 3b. 

Figure 4 shows, diagrammatically, the interplay offerees by the propellers without 
rudder action. 

Figure 5 shows, diagrammatically, the interplay of forces when the rudder action is 

5 used. 

Figure 6 shows, diagrammatically, the interplay of forces when rotatable propeller 
nozzles are used. 

Figure 7 shows, diagrammatically, a side and frontal view of the hull provided with 
more buoyancy. 

10 Figure 8 shows, diagrammatically, in cross-section at halfway along the length, the 

hull with an increasing width above the waterline. 

A conventional twin screw tug with the following components is shown in Fig. 1 : 
hull 1, towing line 2, tow hook 3 permanently connected to deckhouse 4, propulsion 
propeller 5, propeller shaft 6, rudder 7, propeller nozzle 8 and main engine 9. The 

15 wheelhouse 13 and the waterline 14 are also shown. In addition, the length L and the lateral 
distance between the propellers W are shown for this tug. 

hi Fig. 2 the tug according to the invention is shown, with the hull 21, towing line 22, 
deckhouse 24, propulsion propellers 25, propeller shafts 26, rudders 27, propeller nozzles 
28, main engines 29, wheelhouse 33 and waterline 34. In addition, the towing gear 30 that 

20 can tum through 360 degrees is shown with inner ring 3 1 and outer ring 32, with the tow 
hook 23 joined thereto. The effective diameter of the towing gear 30, that is to say of the 
point of application, is indicated by D. There is a gearbox 36 and optional skegs (fins) 35 in 
the mid section to increase the lateral resistance and dynamic forces. The figure shows the 
length L and the lateral distance between the propellers W. For the sake of clarity the 

25 superstructure 24 and the wheelhouse 33 are not shown in Figs 2c and 2d. 

Fig. 3 shows a cross-section of the present invention with the D and W indicated 
therein. The inner ring 3 1, the outer ring 32, to which the tow hook 23 is fixed, and the 
towing line 22, attached to the latter, are shown. For comparison, the towing hnes 43, 47 
attached on the central axis 45 of a conventional tug are additionally also shown. The lower 

30 point of engagement of the towing force as a result of the carousel towing gear and, 

. consequently, the lower heeling moment is clearly visible both at zero heeling angle and at 
15 degree heeling angle. The effect shown is intensified at larger heeling angles (30 degrees 
and more). The point of engagement of the towing force is the point of intersection of 
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towing line 44 (at 0 degree heeling angle) aad 46 (at 15 degree heeling angle), that is to say 
tow hook 23. 

Although in this example the point of engagement with the 360° towing gear is a tow 
hook 23, it must be understood that other constructions are also possible. For instance, it is 
5 possible to use a winch or drum and in that case the point of engagement is the point where 
the line or chain leaves the towing gear. 

hi Fig. 4 the tug according to the invention is shown with the thrust 37 generated by 
the propellers 25. The rudders 27 are both in the mid position. With respect to the centre of 
rotation 38, both thrusts from the individual propellers exert a lever ann wl and w2, a 
10 torque 42, as a result of which the tug starts to turn. It can clearly be seen here that by 
increasing distance W, the lever ann wl and w2, and consequently the available turning 
moment, increase proportionately 

hi Fig. 5 both the conventional tug and the tug according to the invention are again 
shown in plan view, but now in combination with rudder action. By turning the right-hand 
15 rudder 27 the direction of the thrust and the lever arm wl and w2 with respect to the centre 
of rotation change in the case of forward thrust, hi the case of reverse thrust the left-hand 
rudder positioned behind the propeller has no steering action. 

The effect of a rotatable propeller nozzle 39 in the case of the present invention is 
shown in Fig. 6. By turning the nozzle a steering action both in the case of forward and in 
20 the case of reverse thrust is suppHed. The substantial increase in the lever arm w3 with 

respect to the lever arm wl in Fig. 5 can again clearly be seen. A similar effect can also be 
achieved by positioning both one or more mdders behind the propeller as well as in front of 
the propeller. It can furthermore be seen from the figures that as the propeller is positioned 
ftuther away from the centre of rotation 38 the lever arm w2 and w3 will increase 
25 proportionately. Therefore, a good position for the propeller/rudder/propeller nozzle is 
between 0 and 25 % of the length measured from the bow or stem. 

In Fig. 7 the watertight volume above the waterline 34 is shown. The watertight 
volume below the waterline 48 and the watertight volume above the waterline 49 are 
shown. The uniform distribution of the watertight volume above the waterline both in the 
30 fore part and in the stem part is also clearly shown. 

In Fig. 8 the cross-section at halfway along the length is shown; the waterline 34 and 
the ship's side 50 that increases in width above the waterline and at deck height has a value 
b that is at least 10 % wider than at the waterline are shown. 
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Although the invention has been described above with reference to a preferred 
embodiment, numerous modifications can be made without going beyond the scope of the 
present invention. The definition of the hull length has been chosen as a measure for the 
5 tumability of the hull because this is a conventional measurement in shipping, but other 
length definitions can also be used provided that these are related to the resistance and 
tumability of the hull. La this context consideration can also be given to the widely used 
maritime length parameter related to 96 % of the load Une length at 85 % of the smallest 
depth. Fxjrthermore, the design is not restricted to conventional propeller drives, but other 

10 arbitrary drive systems (such as Voith Schneider drives) can also be used. Moreover, it is 
not essential that the propellers are positioned at precisely the same position along the 
length, provided that there is adequate lateral spacing to generate a high steering torque. 
The distance from the applied towing force with respect to the central axis has been taken 
for the diameter (D) because this distance is characteristic for the reduction in the heeling 

15 moment at larger heeling angles. Other configurations related to this distance also fall 
withui the scope of this invention. 
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Claims 

1 . Tug having an elongated hull of length (L) and two propulsion units located 
perpendicularly with respect to the longitudinal axis some distance apart, wherein 
there is towing gear that can turn through 360° in the horizontal plane on the hull, the 
point of engagement of said towing gear describing a circle with a diameter D, 
characterised in that 

W/D>0.5 

L/D>1.5andL/D<3.2 

2. Tug according to Claim 1 , wherein 

W/D>0.6 

L/D>2.0andL/D<2.8 

3 . Tug according to one of the preceding claims, wherein the propulsion units comprise 
propellers provided with flap rudders. 

4. Tug according to one of the preceding claims, wherein the propulsion units comprise 
propeller nozzles that are constructed such that they can turn. 

5. Tug according to one of the preceding claims, wherein said propulsion units comprise 
controllable pitch propellers. 

6. Tug according to one of the preceding claims, wherein, in the use situation, the 
watertight volume of the hull above the waterline is at least 60 % of the watertight 
volume of the hull below the waterline. 

7. Tug according to one of the preceding claims, wherein the width of the hull above the 
waterline at the location of the deck is at least 10 % wider than the width of the hull 
below the waterline. 

8. Tug according to one of the preceding claims with a length L of between 21 and 
24 m. 

9. Tug according to one of the preceding claims, wherein the thrust in 1,000 kgf is 
greater than twice the length L in metres. 

10. Tug according to one of the preceding claims, wherein the hull shape at the bow 
and/or stem has a rounded shape (in the horizontal plane). 

1 1 . Tug according to one of the preceding claims, wherein the deck is at such a height 
above the waterline that the crew's quarters (cabins) are installed above the waterline. 

12. Tug according to one of the preceding claims where a small auxiliary thruster is 
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installed (in the bow). 
13. Tug according to one of the preceding claims, wherein the propulsion units are 
positioned in a region of less than 25 % of the total length of the tug from one end 
thereof. 
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ABSTRACT: 




CHG DATE=200€0€02 STATCrs=0>Thie[ invention i^elafces to the 


design for a tug provided with i 


towing gear that can turn 


through 360 degrees in the horizontal plane, where the ratio 


of both the hull length L of the tug and the lateral distance 


W between the two propulsion units have values with respect 


to the diameter D of the carousel towing gear such that it is 


possible to manoeuvre the tug very accurately and to make it 


turn quicklY and in a controlled manner at relatively high 


towi^ 8|>eed»/ with ade^p^t^ stability* 
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